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ABSTRACT 

The investigation vas concerned vitb the class of 
grapheae-phoneae correspondence called spelling patterns and vas 
intended to broaden eapirical understanding of grapheae-phoneae 
correspondences used in teaching initial reading. Tventy-five boys 
and U7 girls froa three aoderate-ability fir". t grade classes vere 
chosen as subjects. These students had accumulated six ainutes of 
session tiae on the coaputer assisted readiag prograa (CAI) phonic 
strand before beginning the experiaent. One set of 2U spelling 
patterns vas devised for each of the five vovels: A, E, I, 0, and 0. 
Hhen each subject began the experiaent, he vas randoaly assigned to 
one of the five sets of spelling patterns and then 12 of the 24 
spelling patterns in the chosen set vere selected for training. At 
the end of his eight-day training period, each subject vas 
individually tested, off-line, on all 144 initial consonant and final 
consonant combinations derived from the full set of 24 spelling 
patterns to vhich he vas assigned. The data reflected the value of 
presenting spelling patterns in initial reading. Teaching spelling 
patterns to the subjects resulted in positive transfer to a criterion 
task that required subjects to read vords and non-words composed of 
the spelling patterns taught. (MR) 
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TRANSFER FROM ALTERNATIVE PRESENTATIONS OF SPELLING 
PATTERNS IN TNTTTAL l^ADING 
J. D. Fletcher 

This investigation was Intended to broaden our empirical under- 
standing of grapheme -phoneme correspondences used in teaching initial 
reading. As the title indicates^ the investigation was concerned with 
a particular class of grapheme-phoneme correspondences called spelling 
patterns* Whereas grapheme-phoneme correspondences may refer to invari- 
ant associations of single graphemes with single phonemes ; a spelling 
pattern is usually defxned as a group of graphemes that in a specif icable 
environment bears an invariant correspondence to its pronunciation 
(Gibson, 1965)0 Current notions of transformational-generative phonology 
(Chomsky and Halle, 1968) question the linguistic utility of this defi- 
nition, but it suffices as a working definition for this investigation, 

GRAPHEM5-PH0NE^ffi CORRESPONDENCES IN INITIAL READING 

In 1933 ^ Leonard Bloomfleld suggested that 

Two devices obviously demand to be tried. One is to teach 
children to read phonetic transcription^ and to turn to 
traditional writing only after the essential reading habit 
has been set up. The other is to begin with graphs that 
contain only one phonemic value for each letter^-.and either 
postpone other graphs until the elementary habit has been 
fixed, or else to introduce them^. in some rationally planned 
way, at' earlier points [p, 501] » 

These ideas were not original in Bloomfield'B time and they are not 

revolutionary in ours. The Initial Teaching Alphabet currently being 

implemented is antedated by a teaching alphabet developed by John Hart 

in 1570* and Richard Mulcaster's Elementarie was published in I582 to 
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argue for the regularlzawion of Englich orthography that reading might 
be facilitated. The value of Blooxfield 's tvo suggentions is not null- 
ified hy their lack of ncvclty; instead, th^*:r peraiGtonce n:ay indicate 
their worth, Bloomfield *o contribution was to advance these ideas when 
they were unpopular. His owi- reading serioj, which wa^ based on hia 
second suggestion, was not Tanded for publication until 1959.- 21 years 
after it was developed and nine yearj after his death. 

Blcomfield ' 3 second suggestion recommends the use of grapherre-pL.nerr.e 
correspondences in teaching initial reading. In practice, the 'grapn' cr 
grapheme can be a single letter, a syllable, or a word. In the Bloom- 
field and Bamhart (1961), Lippincott (I963), M-rrill (1966)^ and 
Behavioral Research Laboratories, or Sullivan, (1967) readers, the 
initial grapheme -phoneme correspondences are VC syllables presented in 
words that are generally of a CVC configuration. VC words are also 
allowed early in these readers and Lippincott permits double consonant 
clusters {CCVC, CVCC, and CCVCC) as well as CT words, E\ddently, devel- 
opment of these readers assumed that the basic grapheme unit used in 
initial reading should be larger than a single letter and smaller than 
a whole word. 

Letter Name and Letter Sound Training 

Knowledge of letter names does not seem to have a positive effect 
on reading acquisition. The Bond and Dykstra (I967) survey of first- 
grade reading instruction found that letter name knowledge was the single 
best 'predictor » of first grade reading success/ Other studies by Wilson 
and Flemming (1937), Burrell (I958), and De Hirsch, Jansky, and Langford 
(1966) corroborate this conclusion with equally high correlations between 
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letter name knowledge and first grade success « Hovever, studies by 

Ohnmacht {1969)^ Jenkins^ Bausell;, and Jenkins (1972)^ and Samuels (l972) 

imply that these conclusions aare based on a correlational artifa:Gt rather 

than a causal relationship^ 

Ohnmacht (I969) used three groups of first-grade students ''to inves- 

tigate the effects of three training procedures- on word dj|Scrimination 

and word knowledge « One group was trained on letter names ; the second 

group was trained on letter names and letter sounds^ and the third group 

t 

served as a control* The group trained on letter names and sounds was 
superior to the other two groups in both word knowledge and word dis- 
crlminationo There was no difference between the group trained in letter 
names and the control group » 

Jenkins^ Bausell;, and Jenkins (1972) reported four experiments that 
compared the transfer value of letter name training with letter sound 
training. In three of these experiments first-grade subjects received 
training with a set of four letter-like graphemes that bore a one-to-one 
grapheme -phoneme correspondence to VC words presented in a transfer task. 
The fourth experiment was similar to thel( first three except that English 
letters were presented instead of the letter-like graphemes. Number of 
trials to criterion in learning the VC words was used as the measure of 
transfer in all four experiments. The general conclusion of Jenkins et 
al. was that training with letters is effective only if it is carried 
out as phoneme trainings 

Samuels (1972) ^sed three groups of first-grade students to inves- 
tigate the assumption that letter name knowledge facilitates Initial 
reading* One group was trained to visually discriminate among four 



artificial letters that resembled English letters as little as possible, 
the second group was also trained to discriminate among the four letters 
but was additionally required to learn names for the letters, the third 
group acted as a control and received irrelevant training, Samuels 
found no significant pairwise differences among the three groups in two, 
separate applications of the experiment* He further examined the power 
of the statistical tests used and concluded that a Type II (beta) error 
was highly unlikely. 
Letter Sound and Whole Word Training 

On the other hand, knowledge of letter sounds does seem to have a 
positive effect on word recognition in initial reading* Studies by 
Bishop (196^^) and Jeffrey and Samuels (I967) as well as Chall's (196?) 
survey indicated positive transfer for letter sound training on word 
recognition. 

Bishop (196^1) simulated initial reading by teaching two groups of 
college freshmen and sophomores to read Arabic words and then tested the 
subjects* ability to learn a new list of transfer words. In learning 
the first list, one group received single-letter training in which 
letters were presented with their phonemic values, the second group re- 
ceived whole -word training, and the tnird group acted as a control. The 
single-letter group took significantly fewer trials to reach criterion 
on the transfer list than did the whole-word group, and the whole-word 
group did not differ significantly from the control group in trials to 
criterion on the transfer task. The single-letter a..d whole -word groups 
did not differ significantly in number of first-trial correct answers' 
on the transfer list. Bishop speculated that this latter result may 
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have been due to tacK unfar^i liarity in lhat the ingle- letter :,-ah.jectr 
sav vhole Arabic vordG for the fir^t ti.'ne in the traricfer tark. 

Jeffrcy and Sa.T;-clc (l!>£7) taugnt three group;: of HiiiJ^rgartcn 
children to read a ^et of r.criccyllabic vordc .^^prc^ented by graphcr.ec 
that reGCT.bled English letterc ar Uttle as pc;5jiblc. They then rtudied 
their cubjectj' ability to learn a new lict of transfer vordc. Their 
procedure vac ecsentially Gin^ilar to Blohop'o in that one group received 
single-letter training cn the phonemic value of the grapher.e;:j on^- group 
received vhole-vord training;;, and one group acted a:; a control. Their 
results corroborated Bishop' 3 in that the letter-trained group took. 
r.ignificantly fewer trials to reach criterion on the transfer task than 
did the whole-word group a*.:? that the whole- vord group did not differ 
significantly fron tho control group in trials to criterion. Further, 
the Jeffrey and Samuels results amplified F-shop's in that the single- 
letter group achieved significantly more first-trial correct answers on 
the transfer task than did the whole-word group. Jeffrey and Samuels 
emphasized that letter training alone mi^^nt not have produced superior 
transfer had it not included phonic blend training and that the graphemes 
used bore a one-to-one correspondence with phonemes, which is not con- 
sistently true of English orthography. 

Chall^s (1967) survey of methods used to teach reading included 
data from I7 correlational studies that examined the relationship between 
letter and/or phonics knowledge and reading achievement. Ten of these 
studies were concerned with students in the kindergarten through third- 
grade range. Chall concluded that 
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A code emphasis --one that combines control of words on spelling 
regularity, some direct teaching of letter-sound correspondences^ 
as well as the use of writing^ tracing, or typing--produces better 
results with unselected groups of beginners than a meaning emphasis, 
the kind incorporated in most of the conventr'.onal basal- reading 
series used in schools in the late 1950's and early 1960's [p.178- 
179]. 

Training Time and Transfer 
Samuels reported that 

Teachers who begin the teaching of reading tfy having the learner 
recognise a basic group of words as sight words have noted that 
at first the learning is rapid, but .soon the rate of learning new 
words slows down drastically [1970, p. 29] » 

Based on this observation it seems reasonable to expect the superior 
transfer value of letter-sound training over whole-word training to be 
compromised by greater number of trials to criterion in letter-sound- 
training. However, this was not the case in the experiments by Bishop 
{196k) and b;, Jeffrey and Samuels (I967)- Bishop allotted the same 
ajnount of training to each of her three training groups, and Jeffrey and 
Samuels reported that their single-letter group took fewer trials to 
criterion than their whole-word group ^ although this difference was not 
significant. 

On the other hand, Jenkins, Bausell, and Jenkins (1972) reported 
that training in letter-sounds took aQjnost twice as long as training in 
letter-names for the set of graphemes and grapheme -phoneme correspondences 
taughc in their experiments 0 Evidence is still needed to demonstrate 
superior transfer value for letter-sound training over letter-name 
training when training time is held constanto From Samael^s (1972) 
finding of no difference in transfer for letter-discrimination, letter- 
name^ and control training^ it seems reasonable to expect some success 
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in any atlen;pt to ^'^cr.cn^lr^i'e i.vj>^ ri^*r ^ r-u -.'nl^jo f'c r lc*/..c r-r.fi^Lj^r.d 
training ever Icttcr-nri^^ne Tairuii^ vh< -iTiC-^nl f Irsinir^ 1; 
conctant. 
Spelling Patlerr.3 

In the IViir reading rcri* . r,c:.'.v. r.ci al-ov-cf, IriVttrlfjr.f graphere- 
phcnene ccr-cspondencer l 3;;c i on \h': h--. ciaticn of ; irj^^lc graphc^:^-r 
vith cinglv phcncne:: are r.o": u::fr:. Irji^f^ad, vcvol-cvj..;cr.ST.t (VC' 
blnatior::: appear Ic l-c tr/j lauic \;r:lt;- fi.r thCwC r-Tle:;- Uno • ^ -rr 
unilG secir.G reaccr.able b''*cau:;e c:' a. :T iculty c: prcnc/ancij, • r-y.-i:'.^,uh 
separatx" from vcvels. In practice, iiilj f flcul*".y 1:: ^L•aclv^^. ty 
associating corccnants with i:cme r/.-utral' vovcl .:ucl'. a:: /<) Hovctc:, 
it should be noted that ac usefw.^ a: an a5cociatio:] :eiweejj ■:.:>-: grapheme 
B and the phoneme /bd / may be i:i pronouncing R/T, i t may tt: uceie:;::. or 
even confusing in prcno\. .cing BIT. 

In Linguistics and Heading, Fries emphasized that the approacn to 

initial reading recommended by Eloomfield and himself rests 

upon the relation bjtveen the sound patterns of the vcrds and 
the letter symbols of an alphabet but this relat/on is not such 
as to lead us to seek to match specific letters w'.th eacn of the 
physical 'sounds' jf our language. Nor does it ajsume that the 
pronunciation of a word is a fusicn or blending of the sound:', 
represented by the individual letters by which the vord is 
spelled [1963, P- 1^6]. 

Fries' position is that 

Modern English spelling is fundamentally a system of a comparatively 
few arbitrary contrast! ve sets of spelling-patternc , to which readers^ 
to be efficient, must, through much practice, develop high-speed 
recognition responses [p. Ik6]* 

Coming from psychology rather than linguistics, Eleanor Gibson 
stated, on the basis of extensive empirical evidence, that 
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It is my belief that the smallest component units in written 
English are spelling patterns. By a spelling pattern, I mean 
a cluster of graphemes in a given environment which has an 
invariant pronunciation according to the rules of English. 
These rules are the regularities which appear when, for in- 
stance, any vowel or consonant or cluster is shown to corres- 
pond with a given pronunciation in an initial, medial, or 
final position in the spelling of a word. This kind of 
regularity is not merely ''frequency" (bigram frequency, trl- 
gram frequency^ and so on)^ for it implies that frequency 
counts are relevant for establishing rules only if the right 
units and the right relationships are counted. The relevant 
graphic unit is a functional unit of one or more letters, in 
a given position within the word^ which is in correspondence 
with a specified pronunciation [19^0^ p. 329]. 

The utility of spelling patterns in woi:d recognition was reported 
by Gibson, Pick, Osser, and Hammond (I962) vho discussed two Investiga- 
tions of the role of spelling patterns in word perception. In both 
experiments, performance on pseudo-words conforming to English rules of 
spelling to sound correspondence was compared with perfomance on pseudo- 
words that were matched for summed letter frequency but that did not 
conform to English rules of spelling to sound correspondence. The 
pseudo-words were presented by tachistoscope to college students. In 
the first experiment^ subjects were required to write down words as they 
appeared on a screen. The results indicated significantly superior per- 
formance by the subjects on the pseudo-words that conformed to English 
spelling rules. The authors concluded from the first experiment that 

The proper unit for analyzing the process of reading (and writing) 
is not the alphabetical letter but the spelling pattern vhich has 
an invariant relationship with a phonemic pattern [p. 56^]. 

The second experiment required subjects to identify a tachistoscopically 
presented target from among a field of four words., Results and conclu- 
sions from the second experiment corroborated those of the first, and 
enabled Gibson et al. to conclude that their results were not simply due 
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to a bias to emit pronounceable responses but that the perception of the 
target was genuinely affected by its confomity to the spelling rules of 
English. 

In initial reading^ the use of spelling patterns encounters several 
practical difficulties^ one of which is the strained vocabulary that re- 
sults in choosing words to illustrate the regular spelling patterns being 
presented^ and another of which is the pronunciation of an orthographically 
regular utterance in ordinary discourse o Both of these difficulties are 
illustrated \yy Bloomfield^s prototypal "NAN CAN FAR DM.'' The sentence 
appears strained because Nan is not a particularly familiar name and 
because who can fan whom is not a concern of moment to initial readers* 
Further, the sentence may contain grapheme-phoneme irregularities in 
ordinary discourse. For instance^ CAN in this sentence would be ordinarily 
pronounced /ken/ or /kin/ in American dialects. 

More serious ; however, are the irregularities that occur even when 
spelling patterns are considered separate from ordinary speech, A student 
who has learned to associate /-t/ with -UT will presumably be more likely 
to recognize CUT^ HUT^ JUT, etc* However, he may experience difficulty 
with PUT. As long as phonemic correspondences to graphemes ai^e used, 
large numbers of exceptions will be encountered « 

On the other hand, English orthography may be more closely rule- 
governed than the number of exceptions to regular grapheme-phoneme corres- 
pondences indicate. This possibility is indicated in extensive empirical 
studies of English orthography by Hanna, Hanna^ Hodges, and Rudorf (1966), 
Venezky (1967), (1970), and Berdiansky, Cronnell^ and Koehler (1969) and 
in the generative English phonology of Chomsky and Halle (1968) who in- 
troduce the concept of lexical representation. 



Lexical Representation 

Grapheme -phoneme correspondences may be only peripheral to the more 

basic and direct relation of letters to segments in lexical representation. 

The utility of emphasizing spelling-sound correspondences in teaching 

initial reading seems well-founded by Bloomfield and Fries and by the 

empirical investigations of Gibson^ Samuels^ and Williams among many 

others* It may be^ however^ that those vho seek grapheme -phoneme cor-- 

respondences are off the marko Williams makes this point directly in 

discussing the work of Venezky and Weir (1966) "who demonstrated that 

there is considerable regularity between English orthography and oral 

language if one looks beyond the direct grapheme -phoneme relationship 

[1971, p. 7-155]-'' Also Gillooly^ again discussing Venezky (I967) 

work^ states that 

scholars have begun to seek an underlying regularity in tradi- 
tional English orthography beyond the level of grapheme -phoneme 
correspondences^ a regularity that is mediated^, or indirect. 
And, their search has been rewarding. As a result of such 
activity, it can be stated that because our English writing 
system is deficient as a phonetic (or phonemic) transcription 
of the spoken language, it does not follow that it is a poor, 
or an irregular one [I97I, p» 7-26]. 

In their discussion of English sound structure Chomsky and Halle 
state that 

The surface structure that enters the phonological component is 
determined by three factors: syntactic rules^ lexical represen- 
tations, and readjustment rules. The syntactic rules generate 
a syntactic surface structure of strings of grammatical and 
lexical formatives, the latter appearing in what we have calleJ 
"lexical representation." The readjustment iiiles, which provide 
a link between syntax and phonology, may slightly modify the 
syntactically generated surface structure, and they will, further*- 
more convert the string of formatives into what we have called 
"phonological representation," introducing various modifications 
into the lexical representations and eliminating grammatical 
formatives in favor of phonological matrices [I968, p- I63]- 
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Lexical representations are therefore distinct from phonological repre- 
sentations even though the two representations are related to one another 
by rules* The term ^lexical representation" refers ^'to formatives which 
are provided directly by the lexicon, ioe^^ the lexical formatives as 
well as certain graimnatical formatives which happen to appear in lexical 
entries [Chomsky & Halle^ I968, p^ 9]." 

Chomsky amplified his discussion of lexical representation for the 
Project Literary papers edited by Levin and Williams (I970). In dis- 
cussing Chomsky's paper ; Francis listed three distinct parts to Chomsky ^s 
claim: 

(1) that the prephonetic level of surface structure^ the level of 
lexical representation^ is linguistically meaningful; (2) that 
this level and the lexical representations that it includes are 
psychologically real^ though below the level of conscious knowl- 
edge; and (3) that tlie standard orthography is^ with minor 
exceptions, isomorphic with that level [I970, p. ^8]. 

As Francis indicated^ Chomsky's claims that ^'the psychological 
reality of lexical representation^ in this sense^ is hardly open to 
question [1970; p^ 71" and that conventional orthography in English and 
in other languages is a near optimal transcription for spoken language 
(1970, p. h) are obvious overstatements but these exaggerations should 
not weaken the basic argument. 

The arguments for lexical representation do not necessarily impugn 
the utility of spelling patterns as basic units for transfer in initial 
reading. Phonemic representations may be irrelevant to linguistic theory- 
as Chomsky and Halle (I968) suggest, but the relation of English orthog- 
raphy to lexical representation is neither well established nor well 
defined- We can no longer speak confidently of grapheme -phoneme corres- 
pondences with respect to linguistic theory^ but for teaching initial 
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reading these correspondences remain the best defined and best understood 
fundamental units of transfer. 

In cuing on grapheme-phoneme correspondences in teaching initial 
reading^ we can expect irregularities and exceptions to occur. Further^ 
if we assume that students have internalized English sound system rules 
relating lexical to phonological representations^ an emphasis on grapheme- 
phoneme correspondences may only hint at the rules relating or-thography 
to more abstract levels of language that students must discover in order 
to read. Spelling patterns must be understood not simply as indicators 
of an independent system of grapheme-phoneme correspondences^ but as 
indicators of the more fundamental rules that are used to relate orthog- 
raphy to meaning in the reading process « 

SPELLING PATTERNS AlhD TRANSFER 
Transfer is a natural aim for instruction^ which could achieve 
little if it were limited to material that could be taught only directlyo 

More is to be gained if a few things can be taught from which many things 

I 

can be learned^ and transfer is the obvious motivation for emphasizing 

spelling patterns in initial reading, it seems reasonable to conclude 

I 

that positive transfer has occxirred as a function of having taught 
spelling patterns if subjects are better able to read unfamiliar items 
that include the patterns taught. This procedure was used to obtain 
measurable evidence that positive, transfer occurred in the present study 
as well as in the investigations by Bishop (1964)^ Jeffrey and Samuels 
(1967), and Jenkins, Bausell, and Jenkins (I972)c 

Four experimental training treatments were used in this investiga- 
tion. These treatments differed from one another in the way they 
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presented spelling patterns to students using the Stanford computer- 
assisted instruction (CAl) program in initial readings These training 
treatments could have been presented in classrooms by trained experi- 
menters^ but the precise and unobtrusive control over treatment conditions 
possible under CAI made the computer-assisted reading program the most 
attractive medium for presenting them. This investigatiopx^ then^, owes 
much in terms of experimental control to the Stanford CAE program* How- 
ever^ the results and conclusions of this investigation are independent 
of CAI; they should be applicable to any program in initial readings 
The Stanford CAE Program in Initial Reading 

The advent of sophisticated computational techniques such as time- 
sharing and digitized^ multiplexed audio permitted development of CAC in 
initial reading* The Institute for Mathematical Studies in the Social 
Sciences (IMSSS) has supported CAI in initial reading since 196^- Early 
efforts by IMSSS were successful and have been documented by Atkinson 
and Hansen (1966);^ Atkinson (1968)^ and Wilson and Atkinson (1968)0 

The version of the CAI program used in this investigation was de- 
scribed by Atkinson and Fletcher (1972) ^ Student terminals were *KSR 
Model 33' teletypewriters equipped with earphones over which digitized, 
randomly accessed audio information was played. An assessment of this 
version was reported by Fletcher and Atkinson (1972)^ and the current 
version of the program was described by Atkinson^ Fletcher^ Campbell^ 
Lindsay, and Barr (l^l'JS) ^ 

Decoding by means of spelling patterns receives a major emphasis in 
the" Stanford CAE program- in initial readings 'However, decoding- is not 
the sole concern of the program. The version used for this investigation 
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divided instruction into seven content areas or strands. Strand 0^ the 
readiness strand, provided practice with the manual skills required for 
interaction with the CAI program^ Strand I, the letter strand^ provided 
practice in copying, recognition, and recall of the letters of the alpha- 
heto The initial pass through the alphabet presented letters singly and 
in maximally contrasting groups, for example (RTO); later passes through 
the alphabet presented letters in minimally contrasting groups, for 
example (MNW). Strand II, the word strand, provided for the development 
of a sight vord vocabulary- Seven K through 3 reading vocabulary lists 
were analyzed in developing this strand o Of the words used in Strands 
II through IV, those that did ^iot include regular grapheme -phoneme cor- 
respondences were presented only in this strand- Strand III, the spelling 
strand, provided for recognition and recall of monosyllabic words arranged 
in groups that emphasized a single spelling pattern (RAN, FM, MM or 
FAT, FM, fad)- Strand IV, the phonics strand, provided direct practice 
in copying and recognition of the spelling patterns themselves as well 
as 'construction* of monosyllabic words from given consonant clusters and 
spelling patterns* Strand V, the comprehension categories strand, pro- 
vided practice with the meaning of words by emphasizing their semantic 
categoJrieso Exercises in this strand asked the student to select the 

word of those displayed that was an animal or that was a color, etc, 

I 

Strand VI,, the comprehension sentence strand, provided practice in read- 
ing sentences by requiring the student to select a word to fill an empty 
"slot" in the sentence. On any given day, a student's lessons could 
include exercises drawn from one to five different strands* ' 
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The Stanford CAI curriculum is unique among spelling i)attern cur- 
riculums in two respects. First^ other curriculums present spelling 
patterns implicitly; spelling patterns that are not themselves words 
(-AB) are presented only as components of words (CAE^ TAB^ SLAB); they 
are never presented explicitly by themselves. The Stanford CAI program 
presents spelling patterns both implicitly in the ;3pelling strand and 
explicitly in the phonics strand. Second^ the spelling patterns chosen 
- -jr other curriculums are usually final consonant (FC)^ or final unit^ 
patterns; they are syllable endings (-AB-AN -AT) rather than syllable 
beginnings (BA- NA- TA-). The Stanford CAI curriculum presents both FC 
and initial consonant (IC)_, or initial unit^ spelling patterns. 

The three phonics strand exercises presented the four training 
treatments considered by this investigation. These three exercises vere 
the following: 

Exercise 1 (copying) --the program printed a spelling pattern (-AN)^ 
the audio played a response request ("type an as in can") and the student 
was expected to type the displayed pattern (AN or -AN); 

Exercise 2 (recognition) --the program printed the target spelling 
pattern and two dis tractors in random order (-AB -M -AT) ^ the audio 
played a response request (^^type an as in began^*)^ "the student was 
expected to select and type the target spelling pattern (AN or -AN) ; 

Exercise 3 ( build- a-word) --the program printed the target j spelling 
pattern and two distractors in random order (-AN" -AB -AT)^ additionally 
it printed a consonant or consonant cluster (ST--)^ the audio played the 
response request ("type Stan")^ and the student was"' expected to type the 
requested word (STAN)o 
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The exemplars in exercises 1 and 2 were chosen at random from a set 
of one polysyllabic and two monosyllabic words for each spelling pattern 
that illustrated use of the pattern (BEGAN CAN STAN). In exercise 3 the 
target word was chosen from the two monosyllabic exemplars (CAN STAN). 
The specific goal of the phonics strand was to enable students to pro- 
nounce (to read) any regular grapheme comprised of spelling patterns 
taught in the curriculum. This objective seems implicit in any initial 
reading curriculum that emphasizes spelling patterns. 
Overview of the Present Investigation 

The absence of IC units in spelling pattern curriculums indicates 
a consensus against their value as basic units transfer in initial 
reading. Superficially ^ this consensus appears unfounded • There is no 
obvious reason why training that associates M with /mae/ should be any 
more or less useful to a student who must recognize ^ or read^ MAT than 
training that associates AT with /aet/. However^ we need to consider 
what rules might relate the orthography of MAT^ MATE^ MAR^ MAKE to their 
phonetic representations. Knowing the final units in these cases pro- 
vides more relevant information than knowing the initial units- A 
student who is trained with final units may have an advantage over a 
student who is trained with initial units ^ because final unit training 
provides more of the information needed to pronounce the target grapheme* 
On the other hand^ in pronouncing^ or reading^ the target graphem.e^ the 
student must reproduce the phonetic representation of the target from 
left to right^ and training with initial units should be more useful in 
a pronunciation task* 

I 
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In any case, an empirical ir>vestigation of the relative utility of 
IC and FC unit training is of Interest from both practical and theoret- 
ical standpoints. Data-bt.3ed decisions need to be made about IC units 
in spelling pattern curriculums , and results that indicate a superior 
transfer value for either IC or FC unit training will have implications 
for the ^psychological reality' of rules that relate English orthography 
to meaning* 

Four experimental training treatments are suggested by these con- 
siderations, and these four treatments were used in this investigation: 

(1) ^B' practice with both initial and final units of target 

graphemes; | 

(2) 'I' — practice only with initial units of target graphemes; 

(3) — practice only with final units of target graphemes; 

{h) ^N' practice with neither initial nor final units of target 
graphemes. 

The relative utility of these, four training treatments was measured 
by the ability of subjects to pronounce^ or read/ criterion task items 
made up of the spelling patterns taughta The investigation was limited 
to single- vowel^ monosyllabic targets » Each subject received training 
on half of the set of spelling patterns to which he was assigned^ but 
the items he received in the criterion task comprised all possible com- 
binations of all the IC and FC units in the seto 

Also of interest in the investigation were effects due to the con- 
figuration of target items ^ the meaningfulness of target items, the 
vowel-phoneme association in target items, and the sex of the subjects* 
Four configurations in the target monosyllables were considered: CVC, 
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CCVC, CVCC^ CCVCC\ PresvmialDly^ the presence of consonant clusters may 
affect the difficulty of reading a target monosyllable » Hansen and 
Rodgers (I968) taught 20 eight-year old children 12 nonsense syllables. 
Two' of these syllables were of the configuration CCCVC^ two were CVCCC*s^ 
two were CCVCC'sj and six were disyllabic CVCVC^s* The authors do not 
report planned or post-hoc con^)arisons using the CCVCC^s^ but they do 
report that the CVCCC^s were significantly more difficult than the 
CCCVC's and the CVCVC^s. On the basis of these inferential data and 
other descriptive data from the Hansen and Rodgers study^ it seems 
reasonable in the present investigation to expect an ordering from 
easiest to most difficult configuration of CVC^ CCVC^ CVCC^ CCVCC. 

Words as targets should be easier for the subjects than non-words. 
However, this effect was expected to be less noticeable under the B 
treatment than under the N treatment because training external to the 
experimental treatments should have a greater effect on target graphemes 
under the N treatment- 

The specific grapheme -phoneme associations required by the vowel- 
phonemes in the target graphemes was not expected to affect item diffi- 
culty. However^ any indication of such an effect would be of interesto 

Superior performance by girls in initial reading has long been noted; 
this literature was reviewed by McNeil (1964) and Maccoby (1966) among 
others. However, Atkinson (I968) and Eletcher and Atkinson (1972) re- 
ported an absence of superior performance by girls in the Stanford CAI 
program, and Jeffrey and Samuels (1967) also reported a similar absence 
of the effect in their study of phonics based initial reading instruction. 
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Performance in initial reading decoding tasks may be independent of sex, 
and this effect, or lack of it, is of interest in the present study. 

Within subjects, or repeated measures, designs were used to investi- 
gate the effects of the four training treatments, the four configurations, 
and the word and non-word criterion task items. Between subjects designs 
were used to investigate the effects of the vowel-phonemes -and the sex 
of the subjects o 

PROCEDURE 

Subjects 

From its inception, the CAI reading program has been provided in a 
school in a predominantly Black, economically depressed neighborhood* 
Within this school, 72 subjects, 25 boys and ^7 girls, from three, 
mode rate -ability first grade classes were chosen for this investigation* 
Beginning in the fall of the school year, students in these classes re- 
ceived 8-minute CAI reading sessions as an integral portion of their 
daily activity. Students chosen as subjects for this experiment had 
accumulated 6 minutes of session time within the phonics strand before 
beginning the experiment. All subjects, therefore, were familiar with 
the CAI reading program and with the exercise formats of the phonics 
strand. The experiment was run in May as part of the subjects' daily 
CAI sessions. 
Materials 

One set of 2k spelling patterns was devised for each of the five 
vowels: A, E, ly 0, and Uc These five sets of spelling patterns were 
constructed under the following constraint? . 
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(1) Of the 2k patterns in each set^ 6 were to be IC units of the 
form CV'y 6 were to be IC units of the form CCV-; 6 were to be FC units 
of the form -VC^ and 6 were to be FC units of the fom -VCC. There were^ 
therefore^ (12 X 12) ikk combinations of IC and FC units for each vowel. 

(2) The number of words in the ihk possible combinations of all IC 
units with all FC units in each set was to be maximized, A 'word' was 
operationally defined as an entry in Webster^s New World Dictionaiy 
(1966) not marked as obsolete or poetic (RATH and PEOG were among the 
resulting IC-FC combinations); archaic (HATH and HAST were among the 
combinations)^ slang (LAM^ STASH) ^ dialectical (PASHj MUMP) ^ as an ab- 
breviation (DIST^ MIN)^ or as an interjection (HIST). Proper names 
(PAM^ DICK^ TED) and entries marked as colloquial (MATH^ MOM) were clas- 
sified as words. Some recognizable IC-FC combinations (CHIMP^ FLAB) 
were not classifiable as words under this definition^ and some very 
unusual combinations (FID^ WB) were. The aim of the grapheme -phoneme 
correspondence technique emphasized in this investigation is to enable 
students to pronounce arbitrary orthographic combinations so that they 
can associate prior semantic and syntactic knowledge with what they hear. 
Therefore^ the most appropriate definition of 'word' for this investi- 
gation is any phonemic unit with which subjects have prior semantic and 
syntactic experience, i.e^, any element in the subjects' recognition, 

or listenting, vocabulary* The entries in Webster's New World Dictionary 
were assumed to be as good an approximation of first graders' recognition 
vocabularies as any other readily available set of items ^ particularly 
with respect to items of the limited configurations (CVC, CCVC, CVCC, 
CCVCC) used in this investigation. The number of word and non-word 
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items under each vowel, each configuration, and each vowel by configur- 
ation 'cell' "tihat resulted from the operational definition of *word* are 
Siiown in Table 1. All IC-FC combinations and their classification as 
words or non-words are listed in Appendix Ao 

(3) Obvious obscenities resulting from the combination of IC and 
FC units were to be avoided- 

(k) Each IC-FC com>^ination that resulted in a word was to be ordin- 
arily pronounced with the same vowel-phoneme that was associated with the 
separate IC and FC units during the experiment training perioda For 
example, -OK was presented as an FC unit associated with the phoneme /an/, 
and, although initial units such as RO- and PO- could be used, TO- could 
not be presented as an IC unit associated with the phoneme /ta/ because 
the IC-FC combination, TOW, is ordinarily pronounced as /t^n/. 

(5) There had to be one monosyllabic and one polysyllabic word that 
could exemplify each spelling pattern in the instructional portion of 
the experiment. The monosyllabic exemplar could not be one of the IC- 
FC combinations derived from the spelling patterns presented in the 
experiment. The exemplars for each spelling pattern in the experiment 
are given in Appendix B. 

The sp'iUing patterns taught in the experiment are listed by vowel 
in Table 2. The vowel A was associated with the phoneme /as/, E was 
associated with /e/, I with /5/p 0 with /a/, and U with 

Generally^ the notation, CC, refers to two consonant letters associ- 
ated with two consonant phonemes. However, three units for A (-AGK -ATH 
-ASH), two units for E ( CHE- -ECK)^ two units for I (CHI- -IGK)^ five 
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Table 1 

Number of Word and Non-vord Criterion Task Items 
Classified by Vowel and Configuration 



CVC CCVC CVCC CCVCC Total 



words 25 20 23 13 81 

A 

non-words 11 16 13 13 63 



words Ik k 16 8 k2 

E 

non-words 22 32 20 28 102 



words 22 I7 I9 5 63 

I 

non-words Ik I9 1? 31 8I 



words 22 8 12 8 50 

0 

non-words Ik 28 2k 28 91* 



words 20 it 26 12 62 

U 

non-words 16 32 10 2k 82 



words 103 53 96 if6 298 

Total 

non-words 77 I27 84 13*1 1^22 
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Table 2 

Spelling rtittems Taiight in the Experiment 



Vowel: 


A 








CA- 




CLA- 


-AD 


-AND 


LA- 




GRA- 


-AG 


-AST 


AM— 




QT A_ 






PA 






^ Mil 


_ Amu 
-Mill 


MA 




TTT A 




AMP 


WA 




DIM- 


_ AT 


. AQW 


Vowel: 


E 


= /e/ 






BE- 




CHE- 


-ET 


-END 


NE- 




FFE- 


-EB 


-ECK 






T-jnrn 

Pnb- 


— j*/>r 


-ELi 


FE- 




SWb- 


-EW 


-EWI 


TE- 




TM3T? 

DnE- 


-Er 


-EST 


LE- 




SrE- 


-ED 


-ELU 


Vowel: 


I 


= /£/ 






FI- 




cm- 


-ID 


-ILT 


HI- 




TWI- 


-IP 


-ICK 


T T 

LI- 




SPI- 


-IM 


-I5K 


mrr 
MI- 




DnI- 




T cm 

-1ST 


CT 

ol- 




TKL- 


Tm 

-IT 


-INT 






SKI- 


-IG 


-IMr 


Vowel: 


U 


/a / 

■- /a/ 






LO- 




CPO- 


-OD 


-OCK 


HO- 




FLO- 


-OT 


-OND 


CO- 




SHO- 


-OM 


-OFT 


RO- 




CLO- 


-ON 


-ONG 


PO- 




PRO- 


-OB 


-OSH 


MO- 




STO- 


-OG 


-OTK 


Vowel: 


U 


= /^/ 






BU- 




CRU- 


-UD 


-UNG 


SU- 




DRU- 


-UP 


-UCK 


HU- 




SKU- 


-UM 


-UMP 


LU- 




GRU- 


-UG 


-UNT 


MU- 




TRU- 


-UN 


-UST 


RU- 




PLU- 


-UT 


-UNK 
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units for 0 (SHO- -OCK -ONG -OSH -OTH)^ and two units for U (-UNG -UCK) 
required the association of two consonant letters with a single phoneme. 
Method 

When each subject began the experiment^ he was randomly assigned 
to one of the five sets of spelling patterns and then 12 of the 2k 
spelling patterns in the chosen set were selected for training. The 
number of subjects trained on each of the five sets of spelling patterns 
is shown in Table 3* 

It shouxc be noted that all randomization required by this investi- 
gation used a standard algorithm for generating random numbers. Van 
Gelder (I967) describes this algorithm in his discussion of power residue 
pseudo- random number generators. 

Selection of the 12 spelling patterns for each subject's training 
was stratified so that 3 of the patterns were IC units of the configur- 
ation CV-, 3 vere IC units of the configuration CCV-, 3 were FC units of 
the configuration -VC^ and 3 were FC units of the configuration -VCC. 
This stratification^ then, yielded four sets of 3 patterns each and 
within subjects designs for investigating the effects of training treat- 
ment, configuration, and meaningfulness. In the training portion of the 
experiment, each subject received two consecutive days of practice with 
each of the four sets of three spelling patterns that were assigned to 
him, yielding a training period of eight days. The order in which the 
four sets of spelling patterns were presented was randomized for each 
subject. 

Practice consisted of a fixed number of trials in the phonics 
strand exercises according to the following schedule: 
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Table 3 

Niimber of Subjects Assigned to Each of the 
Five Sets of Spelling Patterns 





A 


E 


I 


.0 


u 


Total 


Boys 


It 


5 


5 


5 


6 


25 


Girls 


9 


10 


10 


7 


11 


^7 


Total 


13 


15 


15 


12 


17 


72 



25 



Day 1 

3 trials--exercise 1 (copy) 
k trials--exercise 2 (recognition) 
3 trials--exercise 3 (build-a-vord) 
Day 2 

2 trials — exercise 1 (copy) 

h trials — exercise 2 (recognition) 

k trials--exercise 3 ( build-a-word) 

A 'trial' consisted of one presentation of each of the three spelling 
patterns. Therefoi^^ on each of the two consecutive days, a subject re- 
ceived ten presentations of each spelling pattern or a total of 20 pre- 
sentations for each spelling pattern assigned to him. Because of a 
warm-up effect apparent in CAI performance data (cf. Wilson and Atkinson, 
1968) subjects ran for two minutes in their ordinary day's session ex- 

1 

elusive of the phonics strand before being branched into the experimental 
treatment. Subjects were signed off when they completed the 30 presen- 
tations in the day's experimental treatment* CAI sessions for the subjects 
were slightly moi^ variable in length than normal student sessions* 
Sessions for subjects in the training portion of the experiment lasted 
7"9 minutes compared with the more precisely timed 8-minute sessions of 
non-experimental students. The experimental training portion of these 
sessions lasted 5-7' minutes. 

At the end of his eight-day training period, each subject was in- 
dividually tested, off-line, on all ikk IC-FC combinations derived from 
the full set of 2k spelling patterns to which he was assigned. In 
administering the test, 'each item, printed in upper case primary type 
^ 26 
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on an unlined 3X5 index card, was shown to the subject who then had 10 
seconds to read the word aloud. All the tests were administered by one 
of three people who knew to which set of spelling patterns subjects had 
been assigned but who did not know with which 12 patterns each subject 
was trained. The order for presenting each set of l^l^l IC-FC combinations 
was randomized for that set<. Each test took 15-25 minutes to administer. 

Subject's entry into the training portion of the experiment was 
'staggered' so that subjects vould finish the training and become ready 
for testing on different daysp An attempt was made to test each subject 
on the day following his completion of the 8-day training period. This 
attempt was generally successful^ but delays of four days occurred in 
two instances and eight subjects were tested on the same day that they 
finished the training periods 

Because each subject was trained on 6 of the 12 10 units and 6 of 
the 12 FC units to which he was assigned, (6x6) 36 of the ihh IC-FC 
combinations on which he was tested fell under the B training treatment 
(training on both IC and ?C unit)- Similarly, another 36 of the ikk 
test items fell under the I training treatment (training on IC unit only)^ 
36 fell under the F treatment (training on FC unit only) ^ and 36 fell 
under the N treatment (training on neither IC nor FC unit). Further, 
because each subject was trained with 3 IC units of the CV- configuration 
and 3 FC units of the -VC configuration^ 9 of the 36 test items falling 
under the B treatment were CVC's. Similarly^ 9 of the 36 B items were 
CCVC's^ 9 were CVCC's^ and 9 were CCVCC's. In other words ^ each subject 
received 36 items under each of the four training treatment conditions 
(B, I, F^ or N), 36 items under each of the four configurations (CVC^ 
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CCVC^ CVCC^ and CCVCC)^ or 9 items in each of the {h X h) l6 treatment 

by configuration ^cells' (B & CVC, B & CCVC, . . I & CVC, ...^ K & CCVCC), 

RESULTS 

Table 1 presented earlier shows that the numbers of words and non- 
words under the different vowels and the different configurations varied 
significantly. There were almost twice as many woixis under the vowel A 
as under and there were over twice as many words under the CVC con- 
figuration as under CCVCC. That words were significantly easier for 
subjects than non-words is supported by data presented later in this 
paper. Therefore^ an investigation of the relative difficulties of the . 
vowels and configurations in the study is likely to be confounded by the 
differing proportions of words and non-words if it usas the number of 
correct answers under each vowel and configuration category as the 
measure of interest. 

Because of the varying proportions of words and non-words^ analyses 
of the vowel^ treatment^ and configuration effects were made separately^ 
and parallel analyses for words and non-words were performed in investi- 
gating vowel and configuration effects* When separate analyses were 
performed for words and non-words^ the data were first transfomed to 
proportions^ and statistical inferences were drawn using non-parametric 
techniques* Under these circumstances the transformation to proportions 
was necessary because^ as we might expect^ the number of total correct 
answers possible varied widely between subjects. The difficulties in 
using proportions in parametric tests of statistical inference are legion^ 
and non-parametric statistical inference was used when the data under 
consideration were proportions. 
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Training Treatment 

The relative effects of the four training conditions — B (training 
on both IC and FC units )j I (training on IC units only)^ F (training on 
FC units only) J and N (training on neither IC nor FC units)--were of 
primary interest for this investigation^ Means and standard deviations 
of correct answers over all 'J2 subjects are reported in Table k for the 
four training conditions. Table k also summarizes the results of a 
single-factor analysis of vari.ance for repeated measures (Winer, 1971) 
used to investigate the training treatment effects The F-ratio for this 
analysis was significant at p < .01^ and post-hoc pairwise comparisons 
of the average number of correct answers made under the four treatments 
were undertaken using the Tukey ^honestly significant difference' (hsd) 
procedure discussed by Winer. This procedure uses Tukey 's studentized 
range as does the more common Newman-Keuls procedure but^ instead of 
adjusting the critical value depending on the dispersion of the two 
values ; it uses the critical value for the maximum dispersion possible 
among all possible pairwise comparisons « Despite the conservatism of 
the hsd procedure^ an answer for the major experimental question under- 
lying this investigation is indicated by the data. As Table 5 shows , 
both the B and F procedures were superior to both the I and N procedures, 
there was no significant difference between the B and F procedures, and 
there was no significant difference between the I and N procedures « In 
other words, over all subjects and all items, the F procedure was about 
as good as the B procedure, and jthe I procedure was about as poor as the 
N procedure in training subjects for the test. 
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Table 5 

Post-hoc Pairwise Comparisons for Average Correct 
Answers under the Four Training Treatments 



Training 


Mean correct 


N I 
20.18 21.03 


F 

22.78 


B 

23.58 


N 


20.18 


.85 


2.60** 




I 


21.03 




1.75** 


2.55** 


F 


22.78 






.80 


B 


23.58 









^^Significant, p < .01; q qq(U,213) VMS( residuals j/n = 1.25 
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Configuration 

Teachers of reading have long noted that itentjs with consonant clus- 
ters or blends are more difficult for students to read than are items 
with single consonants^ and^ in the current data^ CVC's should be easier 
for students than CCVCC's. The relative difficulties of CCVC's and 
CVCC^s are not so intuitively obvious. Examination of the configuration 
effect in the current data could be confounded by the different propor- 
tions of words and non-vords within items of the same configuration^ and, 
for this reason, separate analyses for configuration effect were per- 
fomed for words and non-words. 

r. 

Because the spelling patterns for each subject's training were 
selected at random, the number of word and non-word items under 
each configuration category differed from subject to subject. Therefore, 
the number of correct answers each subject achieved under each configur- 
ation category was transfoi:Tned to a proportion. These proportions were 
then ranked for each subject under the four configuration categories. 
For each subject, '1' was assigned to the category with the greatest 
proportion of correct answers, '2' to the category with the next greatest 
proportion of correct answers, '3' to the next, and ^k^ to the category 
with the smallest proportion of correct answers. 

There was a significant nur.ber cf tied proportions in these data; 
20 subjects had at least one pair of tied proportions in the word items 
and 9 subjects had at least one pair of tied proportions in the non-word 
items. The problem of assigning ranks to these data was resolved by 
discarding subjects with at least one pair of tied observations, leaving 
52 subjects for the word items and 63 subjects for the non-word items. 
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This procedure for resolving ties is recommended by Bradley (1968) when 

V 

it is reasonable to assume that there is no relevant bias in the discard- 
ing process. This method yields probability statements that are exactly 
true for the unambiguous (untied) part of the sample, but it only esti- 
mates the exact probability levels for the entire sample « Naturally^ 
the reduction in sample size reduces the power of the test^ but this 
reduction- is less than that suffered under other methods discussed by 
Bradley . 

Means and standard deviations of the ranks for each of the four 
configuration categories are given for word items in Table 6 and for 
non-vord items in Table 7» There are six pairvrise comparisons in both 
sets of data, and these comparisons are also presented in Tables 6- and 
7 for word and non-word items, respectively. These comparisons are 
based on an hsd procedure that uses Tukey's studentized range statistic 
and is discussed by Miller (I966). This procedure uses the Friedman 
statistic for comparing ranks and derives a simultaneous test for large 
n from the following statistic: 

r(k)(k+i) 

\ " "j' ^ ^a(k,(n-l)(k-l)) 12n 



with probability approximately 1-a, R^^ and are the mean ranks under 
treatments i and and, in all, there are n observations matched and 
ranked under the k treatments. The null hypothesis that there is no 
treatment effect is accepted when all the mean rank differences, 
[e. - R,|, fail to exceed the critical constant. Any difference that 
exceeds the critical constant for some R. and R. is taken to indicate 
a population difference. 
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The comparisons in Tables 6 and 7 indicate similar results for the 
configuration effect among word and , non-word items ^ respectively. Over 
all treatments, CVC's and CVCC^s were significantly easier than CCVC's 
and CCVCC's and there were no significant differences between (JVC's and 
CVCC's or between CCVC's and CCVCC's. In other words^ CVC's were about 
as easy as CVCC's, and CCVC's were about as difficult as CCVCC's. 

It is reasonable to expect an interactif n between configuration and 
training treatment. Even though over all treatments, CVCC's were signif- 
icantly easier than CCVC's for both word and non-word items, training on 
initial units only should reverse this effect^ and^ specifically^ CCVC's 
should be easier for subjects than CVCC's under the I training treatment. 
To investigate the possibility of this interaction^ sign tests were used 
to compare proportions of CCVC's and CVCC's correct under the I treatment 
for both word and non-word items. As in the pairwise comparisons with 
ranks ^ subjects with tied observations were discarded^ yielding 53 sub- 
jects for the word items and 5^ subjects for the non-word items. The 
normal approximation to the binomial distribution was used to compute 
Z- values for these sign statistics following a procedure outlined by 
Siege 1 (1956) and assuming p = q = 2/2* The results of these two sign 
tests are shown in Table 8. The sign test for words indicated no signif- 
icant difference between CCVC's and CVCC's^ and the sign test for non- 
words indicated that under the I training treatment CCVC's were signif- 
icantly easier than CVCC's at p < .01. The latter was the expected 
result. The results of the analysis for word items may have been due 
to the subjects' prior familiarity with the words used* 
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Sign Tests 
Word 



Table 8 

for Relative Proportions of Correct 
and Non-word CCVC*s and CVCC's 



Among word items: 
P(CCVC) < P(CVCC) = 28 
P(CCVC) > P(CVCC) = 25 
P(CCVC) = P(CVCC) = 19 
Z- value = .275 

Among non-word items : 
P( CCVC) < P( CVCC) = 16 
P( CCVC) > P( CVCC) = 38 
P(CCVC) = P(CVCC) = 18 
Z- value = -2.858** 



**Slgnif leant, p < .01; Z = 2.576. 
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Worris and Non-vords 

Apart from any treatment effect^ the number of correct answers given 
to an item should depend on whether it is a word or non-word. Four sign 
tests, one for each of the training treatments, were performed to investi- 
gate this effect. These tests compared, for each subject, the proportion 
of correct word items with the proportion of correct non-word items after 
responses under all four configurations were summed. Again following 
Bradley's recommendation, subjects with tied observations were discarded* 
These four analyses are summarized in Table 9. As expected, all four 
tests indicated significantly greater proportions of correct word items 
than of non-word items at p < .01. It can be noted from Table 9 that 
there were I9 subjects who made proportionaDJLy more correct responses to 
non-word items than to word items under the N training treatment. Evi- 
dently, subjects were able to draw on training external to that given 
in this investigation. 

Additionally, it might be argued that there should be a treatment 
effect on the relative proportions of correct words and non-words. Be- 
cause both IC and FC units are practiced under the B treatment, the 
word-non-word effect may be relatively less than under the N treatment 
where, presumably^ the subjects had prior experience only with a few of 
the word items. Cochran's 'Q' test for a single factor, repeated 
measures, and dichotomous data was used to investigate this possibility. 
Tho 'Q' statistic is distributed approximately as chi-square with k-1 
degrees of freedom when there are k treatments and the number of subjects 
is relatively large (Winer, 1971)* the current data, the proportion 
of correct words was compared with the proportion of correct non-words 
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Table 9 

Sign Tests for Relative Proportions of Correct Words 
and Non-words under the Four Training Treatments 



Under the B treatment: 

P( correct words) < P( correct non-words) = 10 
P( correct words) > P( correct non-words) = 57 
P( correct words) = P( correct non-words) = 5 

Z- value = -5*620^^ 

Under the I treatment: 

P( correct words) < P( correct non-words) = Ik 
P( correct words) > P( correct non-words) = 55 
P( correct words) - P( correct non-woi^s) = 3 

Z- value = -U.815** 

Under the F treatment: 

P( correct words) < P( correct non-words) = I6 
P( correct words) > P( correct non- words) = 53 
P( correct words) = P( correct non- words) = 3 

Z- value = -J4.33^^ 

Under the N treatment: 

P( correct words) < P( correct non- words) = 19 
P( correct words) > P( correct non- words) = 5I 
P( correct words) = P( correct non-words) = 2 

Z- value = -3.705*^ 

•^^Significant, p < .01; Z = 2.576. 
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for each subject by treatment combination. If the proportion of correct 
words was greater, the observation was recorded as a 1; if the proportion 
of correct non-words was greater^, the observation was recorded as 0; if 
the proportions under any treatment were tied for a subject^ that subject 
was discarded. This analysis for 6k subjects is summarized in Table 10. 
The resulting ^Q' statistic was not significantly different from zero^ 
and these data do not indicate a training treatment effect on the relative 
proportions of correct woards and non-words. 
Vowel-Phoneme 

The possibility of a vowel-phoneme effect was of peripheral interest 
in this study. The vowel-phoneme associations presented were not ex- 
pected to affect item difficulty^ but the implications of such an effect, 
if found, were sufficiently intriguing to warrant some investigation. 

Table 3 shows the nuraber of subjects trained on each of the five 
sets of spel.^.ing patterns, and the number of words and non-words under 
each vowel are shown in T^ble 1, In investigating the vowel-phoneme 
effect, words and non-woiyis were kept separate, and Kruskal-Wallis multi- 
sample rank tests were performed for the two sets of data. In ranking 

i 

proportions for these tests, subjects with tied observations were not 

i 

discarded. Using the procedure discussed by Siegel, mean ranks were 
assigned to tied observationa, and the ^ H- value ' for the Kruskal-Wallis 
test was corrected for the number of ties that occurred. This procedure 
is justified by Kruskal and Wallis themselves (1952), and seems warranted 
in the specific instance of calculating the H- value despite Bradley's 
strong but general cautions against using mean ranks. 
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Table 10 

Cochran's Q Test for Relative Proportions of Correct Words 
and Non-words under the Four Training Treatments 



Treatment B I 


F 


N 


Sample size 6h 6k 


6k 


6k 


Sum 55 50 




k6 


Mean over all sums = lj-9«75 






Q- value = h.296* 






2 

*Not significant; ^.^^(S) = 


7.81. 
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The primary difficulty with the Kruskal-Wallis rarOc procedure is 
discussed by Miller who points out that the outcome of any paiwise com- 
parison depends on all the populations under consideration; the same set 
of observations from two populations can differ significantly in one 
experiment but not in another. For this reason;, Miller recommends the 
Steel-Dwass multi-sample rank procedures over the Kruskal-Wallis pro- 
cedures, 'ever, the Steel- Dwass procedures do not pemit unequal 
numbers oi observations in the population samples, and the Kruskal-Wallis 
procedure was therefore used in this investigation. 

The two Kruskal-Wallis tests for vowel-phoneme effect are summar- 
ized in Table 11. For relatively large niimbers of observations, H- values 
are distributed approximately as chi-square with k-1 degrees of freedom 
for k treatments. Neither test indicated a significant effect on item 
difficulty due to the vowel-phoneme associations • 
Sex 

The possibility that girls may out-perform boys is always of inter- 
est in tasks related to initial reading, and it is of particular interest 
in reading CAI. Means and standard deviations for correct answers 
achieved by the 25 boys and girls in this study are shown for each 
of the four training treatment groups in Table 12* The table also gives 
t- values for the differences between boys' and girls ^ means under each 
of the training treatments. None of these t- values were significant, 
but it will be noted that under all four training treatments the mean 
number of correct answers given by boys was higher than the mean niimber 
of correct answers given by girls. Because the assignment of students 
to daily CAT sessions was an administrative decision that depended to 
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Table 11 

Kruskal-Wallis Rank Tests for Relative Proportions of Correct 
Words and Non-words under the Five Vowel-phonemes 



Vowe l-phoneme 


A 


E 


Words 
I 


0 


U 


Sample size 


13 


15 


15 


12 


17 


Svm of ranks 


502+ 


598 


522+ 


2+57 


5^+5 


H-value (corrected for ties) = 


l.i+59* 












Non-words 






Vowe l-phoneme 


A 


E 


I 


0 


u 


Sample size 


13 


15 


15 


12 


17 



Sum of ranks 510 5I+I U96.5 526.5 

H-value (corrected for ties) = 2.072^ 



^Not significant; ^^^c(^) = 9*^9* 

Rank 1 was assigned to the subject with the smallest 
proportion of correct answers, rank 2 to the subject 
with the next smallest, etc. 
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Table 12 

Means, Standard Deviations , and t- values for Numbers 
of Correct Responses by Boys and Girls under Each 
of the Four Training Treatments 





B 


I 


P 


N 


Sample size 


25 


25 


25 


25 


Boys Mean correct 


25.60 


23.20 


25.72 


22.1+1+ 


Standard deviation 


8.81 


8.79 


8.32 


8.88 


Sample size 


hi 


1^7 


hi 


I17 


Girls Mean correct 


22.51 


19.87 


21.21 


18.98 


Standard deviation 


10.72 


11.30 


10.85 


11.1+1 


t-values for difference in 
means 


1.235* 


1.ZJ9* 


1.811* 


1.3I1 


*Not significant; t ^^{70) = 


2.00. 
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some extent on the school^ it might be argued that the criteria for 
selecting students for this investigation may have been biased in favor 
of more able boys than girls ^ but^ in any case_, there is no indication 
in these data that girls* performance was superior to boys' perfomance 
with respect to the tasks required • 

DISCUSSION 

Training Treatment 

The data reflect the value of presenting spelling patterns in ini- 
tial readings Teaching spelling patterns to the subjects in this 
investigation resulted in positive transfer to a criterion task that 
required subjects to read words and non-words composed of the spelling 
patterns taught. Both the B training treatment and the F treatment re-- 
suited in perfomance on the criterion task that was significantly 
superior to perfomance under the N treatment. 

These data corroborate earlier results reported by Fletcher and 
Atkinson (1972) who used a similar criterion task with eight words and 
eight non-words composed of spelling patterns taught in the Stanford 
CAI curriculum. Fletcher and Atkinson reported that in reading both the 
words and non-words^ their kk CAI subjects were superior to a matched 
sample of kk non-CAI subjects. 

The practical utility of the method is not well supported by the 
B treatment results. Under the B treatment, subjects correctly read 
about 66f> of the items on the criterion task compared to 56^ of the 
items under the treatment. Given 2^*0 presentations--(6 IC units + 
6 PC units) * 20 presentations per unit — a gain greater than 10^ might 
have resulted from presenting the 36 items directly, 
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The F treatment results provide better support for the practical 
utility of the method. Under the F treatment^ subjects coirectly read 
about 7^ more of the criterion task items than they did under -^he N 
treatment. This gain i 'ess--but not significantly less--than the gain 
resulting from the B treatment. However, the number of items made poten- 
tially available to subjects by the F treatment is much greater than the 
36 items resulting from the combination of 6 IC units with 6 FC units 
under the B treatments For instance, the six moderately productive FC 
units -IP, -IF, -IT, -ICK, -lUT, and -IMP combine with initial consonants 
and consonant clusters to yield about 90 monosyllabic woixis. Further, 
the number of presentations required by the F treatment is one-half the 
number required by the B treatment • 

The usefulness of the F treatment is probably not limited to reading 
monosyllabic words. Vocabulary gains among polysyllabic words ar also 
likely. For instance, reading students may never encounter DIMP or BICK 
in isolation, but they may encounter SIMPLE or BICKER and, pr^LSUmably, 
training with FC units will help them read these new words- 

Beyond immediate gains in vocabulary, however, is the entire issue 
of 'learning to learn' as a form of transfero . If the orthographic rules 
for English are used in the reading process, then- learning that such 
rules exist through practice with specific examples of these l^lles used 
in concrete applications may constitute an aspect of learning to learn 
in reading, and may be invaluable in initial reading instruction quite 
apart from specific increments in students' reading vocabularies. 

Finally, the superiority of the F training treatment over the I 
treatment with respect to the criterion task is notable. Two explanations 
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•for this result are^ firsts that it reflects familiarity resulting from 
the use of FC units and non-use of IC units in 'linguistic' initial 
reading se^^Tes^ and^ second^ that it reflects the greater information — 
or reduction of uncertainty- -provided by FC units on the pronunciation 
of the vowels in CVC's, CCVC's, CVCC's, and CCVCC's. The teachers of 
the three moderate-ability first grade classes from which all subjects 
were drawn used the Lippincott readers (19^3) during most of the school 
year with most of their students. As mentioned earlier^ these readers 
emphasize FC units ^ and familiarity is one plausible explanation for the 
superiority of the F training treatment among these subjects. The second 
hypothesis based on the information content of FC units seems equally 
plausible. Although a comprehensive comparison of the infomation carried 
by IC and FC units is beyond the scope of this study, informal evidence 
such as that of the MAT, MATE, MAR, MARE example lend credence to the 
hypothesis. Selection of one or the other of these hypotheses requires 
further experimentation. 
Configuration 

The criterion task items were expected to be ordered from easiest to 
most difficult as CVC, CCVC, CVCC, CCVCC* As expected, the CVC's were 
significantly easier than the CCVCC's. However, the CVCC's were about 
as easy as the CVC*s and they were significantly easier than the CCVC's 
which were about as difficult as the CCVCC's. In other words,, the data 
ordered the configurations on the basis of proportion correct as CVC = 
CVCC > CCVC = CCVCC. That the CVCC's were significantly easier than the 
CCVC's contradicts the result reported by Hansen and Rodgers (1968). 
However, Hansen and Rodgers used only six- -two CCCVC, two CCVCC, and two 

er|c '^'^ 



CVCCC — monosyllabic non-vords for all their siabjects and their results 
may have been peculiar to the particular set of items they used. 

Some interaction between configuration and training vas expected. 
Specifically^ the I treatment should have facilitated reading CCVC's on 
the criterion task at the expense of CVCC^s^ despite generally higher 
proportions of correct CVCC^s than CCVC's over all treatments. This 
effect was observed for non-vord items under the I treatment but not for 
vord items. The former result implies the expected interaction; the 
latter result may be due to subjects* prior familiarity with the word 
items . 

Words and Non-words 

The proportion of correct responses was expected to be greater for 
words than for non-words^ and this expectation was supported by the data. 
Words were significantly easier than non-words under each of the four 
treatments . 

An interaction of this effect with training treatment was also 
expected. Under the N treatment subjects could draw only on their prior 
experience in reading the criterion task items ^ and^ presumably this 
experience was entirely with words. Under the E treatment o the effect 
of prior experience could be drastically reduced since the training was 
designed only to relate spelling to sound and did not discriminate be- 
tween words and non- words. This expectation was not supported by the 
data; no significant effect due to the four training treatments was 
observed on the proportions of. correctly read words relative to non- 
words. For that matter^ the results seemed to be in exactly the opposite 
direction from that expected. Among the four training treatments^ the 
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frequency with which the proportion of correct words exceeded the pro- 
portion of correct non-words was highest under the B treatment and lowest 
under the treatment. 
Vowel-phoneme 

No effect due to the vowel-phoneme association required by the 
spelling patterns and the criterion task, items was expected^ and none 
was found. Such an effect was not considered out of the question^ rather^ 
the design of this invest?.gation was considered to be insensitive to this 
effect^ and the data were not expected to reflect it. It should be noted 
that for both words and non-words criterion task items with E = /e/ were 
easiest and items with 0 = /a/ were the most difficult- A separate in- 
vestigation that directly compared E = /e/ with 0 = /a/ might indicate 
that the former association is genuinely easier than the latter for 
students in the school districts Dialect differences in phonology be- 
tween the Black English used by nearly all the subjects in this study 
and the audio messages recorded for the Stanford CAI curriculum might 
well be reflected by the relative ease or difficulty with which the 
student population learns given grapheme -phoneme correspondences. 
Sex 

Despite the long noted superiority of girls' initial reading per- 
formance over boys'^ no such effect was evident in this investigation. 
This result corroborates similar findings for CAI in initial reading 
reported by Atkinson (I968) and Fletcher and Atkinson (I972). It is 
difficult to say if the absence of superior performance by girls re- 
sulted from CAI itself ^ from the nature of the CAI reading curriculi;un^ 
or from the removal of the students from classrooms for their CAI sessions. 
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Jeffrey and Samuels (196?) reported a similar result in their st'ddy of 
phonics based initial reading instruction and so did McNeil (196^^-) in 
his study of programmed instruction in initial reading given to kinder- 
garten students. Mcl^eil's study is particularly interesting because 
superior reading performance by the girls in his sample population was 
noted after his subjects were advanced to ordinary classroom instruction 
in first grade. 

All these studies, including the present investigation, indicate 
that the superiority of girls in initial reading is not due to an inher- 
ent, maturational factor but in some way results from ordinary classroom 
instruction. The Stanford CAI curriculum avoids whatever biases class- 
room instruction in favor of girls' initial reading performance as 
successfully as did the phonics instruction given by Jeffrey and Samuels 
and the programmed instruction given by Mcl^eil. 
Reading as Rule-governed Behavior ^ 

In 1908, Huey emphasized that 

perceiving is an act , a- thing that we dio, always and everywhere, 
never a mere passive sensing of a group of passing sensations or 
impressions. It probably always involves actual innervation of 
muscles, and indeed coordinated and organized, we may say unitized, 
innervation of muscles. Certainly on the psychic side there is 
an active and more or less unitized movement of mind, a sense of 
inner activity [p. lOU]. 

There can be little doubt that, at the syntactic level, reading is 
active, rule-governed behavior . Every day we encounter novel combina- 
tions of textual, information that we read and understand without a 
second glance* It seems reasonable to assume that reading is active, 
rule-governed behavior at the orthographic level as well. Efforts by 
Chomsky and Halle, Venezky, and Cronnell all suggest an elaborate and 
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comprehensive system of orthography that can be expressed as a series of 
generative rules for mapping spelling patterns onto more abstract repre- 
sentations of language* Whatever these abstract representations may be^ 
the rules mapping spelling patterns into them will necessarily be more 
complex than the simple grapheme-phoneme correspondences used in this 
investigation. For example^ morphology may explain why TH in HOTHOUSE 
is pronounced as /th/ rather than as /A'/ in BATHE or as /9/ in BATHROOM, 
and stress may explain the palatalization of /t/ in VENTURE and not in 
VENTURA. 

Obviously, a major contribution to reading research would be to 
develop empirically based notions of how rules of English orthography 
are applied in the reading process^ This contribution requires more 
sophisticated experimentation than that attempted in this investigation. 
However, systematic studies of English spelling patternii in the sense of 
grapheme-phoneme correspondences should continue to ^3 useful in laying 
groundwork. Contradictions may appear that require a notion such as 
lexical representation for their resolution, but, for the time being, 
our information on reading performance with grapheme-phoneme corres- 
pondences can stand considerable expansion before we begin investigating 
reading competence by examining the 'psychological reality' of rules 
that relate orthography to progressively more abstract representations 
of language. 
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a / ^ / 



la* 

Pa"» 



cl «< 
gpa« 
81 a< 



»ad 

•ag 

«aiT» 



• and 
•as t 
-ack 



pa» 

ma* 

ha" 



c ra> 
f 1a< 
sta< 



•an 

■■ab 
• at 



• at h 

• amp 
•ash 



cad«w 
1 ad*w 
rad"n 

pad^w 
mad*w 
had^w 

c 1 ad«w 
grad"W 
si ad"n 

c rad"n 
f 1 ad«n 
St ad»n 



cag«n 
1 ag«>w 
rao"w 

pag^n 
iflag^n 
hag-w 

cl ag»n 
gr ag«»n 
si ag*w 

c pag"W 
^ 1 ag^w 
St ag«w 



1 afr*n 
ram»w 

pamww 

meffi"«n 
h am*w 

c 1 an^^w 
gr am^w 

s ] an*w 

c pam-w 
f 1 en^^w 
St am-n 



can^w 
1 an»n 
r an^w 

pan»w 
man^w 
h an""n 

c 1 an*»w 
gpan^n 
3 1 an*n 

c r an^n 
f 1 an^w 
5 1 an^w 



cab«w 
) ab»w 
pab*n 

pab»n 
nfiab»w 
hab*n 

cl ab»n 
gr ab^w 
s 1 ab^w 

c rab^w 
f 1 ab^n 
St ab»w 



cat «w 
1 at"»w 
rat« w 

pat «w 
mat • w 
hat-w 

c 1 at "n 
grat "n 
s 1 at "w 

c r at •n 

f 1 at "vi 
Stat •n 



cand»n 
1 and»w 
rand«w 

pand"n 
fpand^n 
hand^^M 



cas t«w 
1 ast"w 
raat -ri 

past •w 

ff^ast "w 
hasten 



cack^n 
1 ac k-w 
rac k«w 

pack^w 
mac k«w 
hack^w 



c1and"n claat^n c1ack-»w 

gpand'W gpss^i-n grack^n 

slano-n s1ast»p» slack^w 

crandwn cpattwn crack»w 

f1and*"n flast-n flackp»n 

8tand«w stast«n stack^w 



cat h-n 
1 at h^-w 
r at h^n 

pat h^w 

mat h-'w 
hat h»n 



camo*w 
1 amp-w 
ramp^w 

pamD«»n 
mampwn 
hamo^n 



CdSh*w 
1 aah»w 
rash^w 

pasH^n 
maa h*w 
hash»w 



clath^n clamp^w ciash^w 
grath-n gramp^n graah»n 
si atn»n a1 ampi»n si aah»w 



c r at h'-n 
f 1 ath-n 
st at h"n 



c r amp* w 
f t ampwn 
8 1 amp^w 



e r as h«w 
f 1 ash«w 
st ash^n 
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e 6 /e / 



n©» 


chew 
f rev 

pre» 




«et 
oeb 

o0m 


oend 

oeck 
oel t 






few 
to* 
1 e« 


8W©o 

dre« 
spei* 




oen 
oep 
oed 


oent 
■•eat 
«el d 






bet«w 
not WW 
aet "•w 


b©b«»n 
nob^w 
8©b"n 


bom»»n 
nernon 
aemon 




ben*»w 
nen'*n 
aenow 


bopon 
nepon 
aopop 


bedow 
nedow 
sodon 


f et wft 
tet-n 
1 ©t »w 


^©b"n 
teb«»n 
1 eb*n 


f em^n 
tem»n 
1 em<»n 




f ©now 
ten«w 
1 enon 


f epoft 
t ©pon 
1 ©pon 


f edow 
t edow 
1 edow 


chet «n 
f ret "w 
pre t on 


c Heben 
prebwn 


chemon 
f f em«n 
prcmon 




chenon 
f renon 
prenopi 


ch©p»n 
f f ep«n 
pf epoM 


ched«i^ 
f red«w 
predon 


8W©t«n 
dr© t «n 
spet "n 


8W0b«n 
dreb^n 
apeben 


ewen^n 
drem^n 
8pew"n 




swonofl 
drenon 
apenon 


Bwepon 
drepon 
8Pep«n 


Sweden 
dredon 
aoedow 


b©nd«w 
nend«n 
9©nd«»w 


bee k^vi 
aec k^n 


bel t«w 
nel ton 
ael t*n 




bent ow 
nen ton 
aentow 


best WW 
neat ow 
seston 


be) dopi 

nel don 
sel d"n 


f ©nd«w 
t©ndww 
1 endow 


fee k»pi 
tec kan 
leckon 


f el t«w 
tel t«n 
lei ton 




fen top 
t entow 
1 ent ow 


f eat »n 
t eat^w 
1 est OR 


f el d«n 
t e) dwn 
1 el d*«n 


ch©nd'»Pi 
f tendon 
prof^dwn 


cheeksw 
f reckon 
precbwn 


chel ton 
f rel ton 
prel ton 




chent»n 
f rent^n 
prent«n 


eheatow 
f reat on 
pres t 


chel doi 
f rel d»i 
pre! doi 



awend^n aweekon aw© 1 ton 
drendon dreckon drelton 
apandow apacko^^ apeltow 



awent^n aweston 8we1d««n 
drenton dresti^w d^el don 
3pont»w speston apel don 
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1 * / J / 



f 1- 

f ' 


chU 




• < d 

^ ^ ITl 


-n t 






d1- 


dr 1» 
t r^t 




» i n 
-it 
■1 Q 


-1 nt 
• 1 fttp 






f <dww 
h < d" w 
1 4d"W 


f i p-'fi 

1 1 P"W 


f < rti*n 
h 1 fpww 




hi n*n 
1 i n««n 


f U-w 
\ i t«»w 


f i g«w 
h i g«n 
1 i g-n 


ml dww 
a i d»w 
d«w 


9 i pww 
d< p»w 






8 < n"w 
d1 n*w 


m< t«»n 


8lg«»n 
dfg«w 



ch1d«n 
t w1 d»n 
9p4 d»n 

df*< d«n 
t f»j d»n 
sM dom 



dpipww 

t Plp»W 



t P<ffwW 

ft k1 m»w 



ch 1 n^^w 
t w1 n«»w 
9P < now 

dr 1 n«n 
t f 1 n-r^ 
ski n«»w 



CHI t»w 
twi t «w 
apl t • w 

drl t ••1^ 
tri t-n 
ski t«w 



Ch1g»n 
t w1 P^'W 
spI g«nn 

df 1 q»n 
t f 1 g«w 
8k 1 Q«n 



^nt»n fick«n fl8k«w 

h11t»w h1ck"w hiakwft 

1 1 1 to»w 1 1 ck^w 1 1 ak»n 

m11t»w mick»n m1ak«n 

s11t«»w 8lck««»w 8l8k«n 

d1 1 t-P! dickww dlakww 



flst^'W f1nt«n f1mp«n 

h 1 8t«»n h 1 nt »w hi mpwpi 

1 1 st-w 11 nt WW 11 mpn\fi 

mlat-w (flintww mlmo^n 

8l8t"n sint-n slinpi^w 

d1st«»n d1nt<»w d1mp«n 



ch11t*n eh1cte"W chl8b«n 

tw11t«n twlcke»ft twl8k«n 

apMtaiw 8plcl<^n aplai^^rt 

drntwn dp1ck«*n dp1ak'»n 

tp11^«n tp1cM»w tPl8k»n 

8knt«n Bklck-n 0kl9k«»n 



ch1at«n ch1nt«»n ch1mp«n 

twiat-w tw1nt*»n tw1mp»n 

ap1at»n splnt^n splmp-n 

dPl8t»r\ dr1nt"n dr1mp»n 

tplat-h tPlnt»n tp1mp*n 

8k1at-n 8k1nt»n ski mp-w 



6o 



0 «• /a/ 



1 0« 

co«» 


show 




»od 
»ot 
»om 


«oclc 
•ond 
-oft 






ro* 


C 1 0* 

at o» 




•on 
•og 


•of^g 
•osh 
••ot h 






1 odwp 
hod»w 
Cod«w 


1 ot«w 
hot»w 


1 ow«n 
hom-ft 
com^H 




1 on«n 
con^w 


1 ob»w 
hob^w 
eob«w 


1 oa»w 

eog»w 


rod»w 

POdaW 

modwft 


rot«w 
pot »w 
mot»w 


mom^w 




POP|»W 

Pon«n 
mon^n 


rob»w 
Pob«n 
mob-w 


poo»n 
pegan 
fflog«n 


cpod«n 
f t odon 
ahod«w 


cpot»n 
f lot^n 
shot WW 


C POW«f^ 

f 1 owwn 
8h0ff«n 




c Pon»n 
f 1 on*n 
shon^n 


f 1 obon 
8hobw« 


e fogwp^ 
f 1 og-w 
8hog»n 


c 1 od«»w 
pp©d»w 
8t ed^n 


e 1 ot»w 

PPOt Oft 

8tot*n 


c1 off«n 
ppom«w 

StOWwn 




c 1 on«n 
pron»ft 
8 ton»n 


e 1 0ban 
PPOb«n 
a tob«n 


e 1 og<" w 
ppogwn 
B t og<wn 


1 ookow 


1 pndon 
hond"ft 
cond^n 


lof t«w 
hof t"n 
eof t®ft 




1 ongww 
hona^w 


1 08h«n 
hoshwfl 

C03hoR 


] oth« w 
hoth»n 
coi h"n 




[■ond«»n 


pof t"n 




roftg«n 


ro8h«n 


roth«pi 



Poekow 
ffoc k«w 



pond«w 
ff^ond«n 



pof t« 
mof t" 



n 



cpock"W ePond«n cfoft«w 
f1och»w f1ond"ft floft«n 
&hock"w ahondan shoft^n 

eleekvw olend^n CfOft«n 
prockww ppohdwpi ppott«»n 
s*ock"w 9tond»n 8toft«»n 



ponfl**^ 
meng*»n 



P08h«n 
mcBh«n 



p.oth«»n 
mot h«w 



cPonQ«»n Cf08h«n CFOth«»n 
flonp»n floflh«n f1oth«»n 
shong^n ah06h»n 8hoth«n 

clono«?n c1osh«n cloth«»w 
prong^w proah"^ pP0«h«»n 
atongwn atoahon atoth^n 
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CPU" 




B VJ ^ 


CP r U ^ 










) u*» 














pi u« 




budow 




buPi»w 


sud"n 






hud«»n 


hup*n 




1 udwn 


1 up«n 




rnudww 


mup»p^ 


muff« w 


rud«"p 


Pup«n 


rumww 



• ud 

oyp 



*uck 
>ump 

•unt 





bun«w 






sun^w 


sgt •n 


hug^w 




hut -w 


1 gg«w 


I un^n 


1 ut •n 


mug-'w 




mgt 


rug-w 


run«w 


rut »w 



crgd«n 
dpgd«n 
skgdvn 



e pgp'^n 
dPUP«»n 
skgp«n 



C Puni^n 
dpum»w 
akgrpan 



c rgg»n 
dpgg«w 
akggvn 



c pgft»n 
dpgnwn 
8kgn«n 



c pg t^h 

dput 

skutwpi 



gpudwpi 
t pud«n 
p1 gd"n 



gpgp*n 

t PUP-'H 

pi gp«pi 



gpgm* 
t pgw 
pi gw< 



g>gg*n 
t Pug»n 
pi uq»w 



gpun-n 
t pgn«n 
Dl gn"»n 



gpgt^n 
t rgt*n 
Pl ut^n 



bungav^ 
8gng«w 
hgng«w 

1 gng»w 
mgno«n 
pgngww 



bgck»w 
8gek«w 
hgck«»w 

1 gck»»w 
nigek«w 
pgck»w 



bgmpww 
sumD«w 
hgmpww 

1 uwp»w 
munip"^n 

PUfPD«W 



bunt "W 
sunt wn 
hunt ••w 

1 unt-»n 
munt «"n 
punt-w 



bust *w 
B u\S t « n 
huist ••n 

1 U3t ow 
muatow 
pgat 



bgn k »w 
9un k'pw 
hgn k<"w 

1 gnk«»n 
P'gn k"n 
pgnk-n 



cpgngwn cfuck»n cpgwp«»w 
dPung*»n dpgck-n dpgmpwn 
akgngwn akgck^n akgmp»n 



c Punt'^n 
dpgnt "H 
akgntwn 



c PU«t-W 

dpuat «»n 
skgst *n 



cpunk^n 
dpgnk©w 
skunk«w 



gpgngwn 
t pgng»n 
p1ung«n 



grgck«^pi 
t pgck«w 
Pi gck"W 



gpgrnp^n 
t pgmp"w 
pi gmp«w 



gpgnt«w 
t pgn t 
pluntwn 



Qpgat 
t pgat-w 
Pl ust 



gpgnk^n 
t pgnk«»w 
Pi UPik«w 
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APPENDIX B 

Initial Units, Final Units, and Exemplars 
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1 aw 
ra» 


0 afnc f a 

1 andod 
robbi t 


cap 
\ ap 
paf : 


n An 

maw 
ha* 


pat torn 
magf e 
haf^mor 


pass 
maak 
has 


c 1 0»" 

gra« 
a1 a» 


c1 et t ar 
gpandma 
Ql andap 


cl ap 
gpant 
at ant 


0 Fa* 

f 1 a* 
0ta<* 


Cf ae kera 
f tat taf 
at at ua 


craft 
f Um 
staff 


■* fid 
«*ag 


nof^a d 
dlflh paf 
ppoaraff^ 


q 1 ad 
tag 
j am 


o A n 

oab 
wet 


bo0a n 
praf ab 
acf obat 


plan 
nab 

fat 


9and 
«aot 
aaek 


gnhond 
cont f aat 
att eek 


aani 

blast 

craek 


«ath 
namp 
o^ash 


^ 00% pat h 
ancemp 
pot aah 


bet h 
dar!ip 
t neah 



6k. 



boo bedbug 
n®» nav©r 



eh®" ch©ppv 

pp©» ppoeent 

swe^v swoatoP 

8pG» ftpee jol 



-jet peofct 

«6b eobweb 

"on golden 

«ep Instep 

<96d abed 

«and defend 

nee It henpee b 

«ent ppevent 

^0B% ppotest 

«<e1d beheld 



bel ] 
neMt 
ael f 

^e1 1 
tel 1 
lef^ 



f POGh 

ppoee 

ewapt 
dpeea 
dpol 1 



jet 
web 
stem 

dQP) 

step 

p0d 

mend 
wpeeic 

pent 
veet 
held 
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i\m f<fty Hih 

h\m hidden HHI 

H- Htt«n IHt 

m^w minute 

s1» lister tllk 

d1« dinner dish 

cK1» ehleken chill 

twi- twitted twin 

■pi • spl neeH spI 1 1 

dri" driven drift 

tri- tricked trill 

■ hi- skipped skin 



•Id timid slid 

••Ip turnip snip 

«1 m pi 1 or 1 m 1 1 m 

•In cabin Qfin 

• It admit fHt 

•1g whirligig big 



• m 


vanderbl 1 t 


tilt 


w1 ek 


lipstick 


kick 


• Isk 


aster 1 sk 


frisk 


•1st 


dentist 


wr 1 St 


-Int 


peppermi nt 


print 


• 1 mp 


shr 1 mp 


b1 1 iflp 



66 



1e< IpIHpop lost 

ho» hopptd hop 

OP" oottofi eott 

fo« pob<« POii 

po" poekot pop 

fflo" fflontttf net! 



cpo* ofoiiino Cfoio 

f1o« floekino flop 

■ ho* ■hopp'l^a shop 

ele* cYoitt el op 

pro" ppomlif prop 

•to* itoetilng stop 



«od fomred nod 

••ot opcleet net 

•OKI pompom torn 

«on upon don 

«ob doorknob Job 

«og Uopfpoo dog 

■oek pooeoek block 

<*ond boyend blond 

•of% otoft loft 

"Ono prolong wrong 

«oth galosh goth 

«soth disheloth broth 
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bu« bgcktt buzz 

•u« sudden such 

hu« hgndrtd Hub 

1 w» lumber luff 

mu" nustecHe much 

ru« Pushed PUb 

cfu* crusttd erunfib 

df u« df uostope drub 

sku« skuUlne skull 

fiPU" grumble gruff 

tru» trumpet truss 

p]um plunder plus 

»ud rasebud thud 

«up ketchup CUP 

•um meMlmum gum 

^QQ bedbug tug 

«un begun spun 

«gt chestnut cut 

«ung unsung stung 

«uck firetruek stuck 

^ump overt rump 1 umo 

•unt fox«hunt stunt 

>«ust august just 

«unk chipmunk Junk 
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